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Abstract
Objectives: Procalcitonin (PCT) is an accurate marker for differentiating bacterial infection from
non-infective causes of inflammation or viral infection. However, there is only one study in children
which tested procalcitonin as a diagnostic aid in skeletal infections. With this study we sought to
evaluate the sensitivity, specificity and predictive values of procalcitonin for identifying bone and
joint infection in children evaluated in the emergency department for non traumatic decreased
active motion of a skeletal segment.
Methods: Patients aged 1 month to 14 years were prospectively included in the emergency
department when suspected for osteomyelitis or septic arthritis. Procalcitonin levels, C reactiv
protein, white blood cell count were measured and bacteriological samples were collected before
initiation of antibiotic treatment. Patients were assigned to 3 groups according to the degree of
suspected infection: group 1 confirmed infection, group 2 presumed infection and group 3 non
infected patients.
Results: Three hundred thirty nine patients were included (118 girls and 221 boys). Group 1
comprised 8 patients (2 had PCT levels > 0.5 ng/ml). Two had osteomyelitis and 6 septic arthritis.
Forty children were incuded in group 2 (4 had PCT levels > 0.5 ng/ml). Eighteen had presumed
osteomyelitis and 22 presumed septic arthritis. Group 3 comprised 291 children (9 PCT levels >
0.5 ng/ml) who recovered without antibiotic treatment. The specificity of the PCT as a marker of
bacterial infection (comparing Group 1 and Group 3) was 96.9% [95% CI, 94.2-98.6], the sensitivity
25% [95% CI, 3.2-65.1], the positive predictive value (PPV) 18.2% [95% CI, 2.3-51.8] and the
negative predictive value (NPV) 97.9% [95% CI, 95.5-99.2].
Conclusion: PCT is not a good screening test for identifying skeletal infection in children. Larger
studies are needed to evaluate still more the place of PCT measurements in the diagnosis of
osteomyelitis and septic arthritis.
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Introduction
Bone and joint infections may occur at any age but they
are more common in children and present a diagnostic
challenge in the emergency department. Delays in diagno-
sis can lead to disabling sequelae. Most children diag-
nosed early recover completely with proper management
[1].
No specific laboratory test exists for the diagnosis of bone
and joint infections, with the exception of isolation of an
organism from the bone or synovial fluid which is consid-
ered the gold standard, although its sensitivity ranges
from 30% to 90% [2,3]. When obtained, up to 40% of
blood cultures are positive, helping to identify a pathogen
agent. Laboratory markers, such as elevated white blood
cell count (WBC) and C-reactiv protein (CRP) levels may
be helpful but are not specific [4]. Procalcitonin (PCT)
serum level is very low in healthy patients (< 0.1 ng/ml)
and increases rapidly in response to bacterial endotoxins
[5,6]. PCT plasma concentrations are raised in severe bac-
terial infections (bacterial meningitis, septic shock, bacter-
emia and pyelonephritis), but remain fairly low in viral
infections and non-specific inflammatory diseases (with a
cut-off level of 0.5 ng/ml) [7-14]. In adults also, PCT is an
accurate marker for bacterial infection when differentiat-
ing bacterial infection from non-infective causes of
inflammation or viral infection [15-18]. Martinot, in a
prospective study comparing 11 bacterial arthritis with 18
rheumatoid arthritis and 13 crystal induced arthritis,
found that serum PCT is a poorly sensitive (55%) but spe-
cific (94%) marker of bacterial infection [16]. To our
knowledge, there is only one study in children which
tested PCT as a diagnostic aid in skeletal infections [18].
In children admitted for fever and limping, Butbul-Aviel
found for PCT a sensitivity of 43.5% and a specificity of
100%. They concluded that PCT is an important informa-
tive marker in the diagnosis of osteomyelitis but not in
septic arthritis. The aim of our study was to evaluate the
sensitivity, specificity and predictive values of PCT for
identifying bone and joint infection in children admitted
in the emergency department for suspected osteomyelitis
or septic arthritis.
Materials and methods
This study was a prospective trial in which cases were col-
lected consecutively. It was carried out between Novem-
ber 2004 and November 2005 in the Emergency
Department of an academic tertiary care hospital in Paris,
France. All the children presented in the pediatric emer-
gency department for non traumatic decreased active
motion of a skeletal segment, with or without fever (rectal
temperature higher than 38°C), were prospectively stud-
ied. Children who had previously received antibiotics and
newborns were excluded. All the investigators enrolling
patients are emergency physicians, board certified, spe-
cialty trained in pediatrics.
The infection was suspected on clinical conditions, bacte-
riological findings, and laboratory markers completed by
imaging study. Clinical conditions were defined as pain
during passive movements, failure to move an extremity,
pain, tenderness, warmth, and erythema of the involved
bone, limping or decreased active motion in the involved
joint, with or without fever.
Laboratory markers (PCT, WBC, and CRP) were obtained
on admission, before initiation of intravenous antibiotic,
when the infection was suspected. PCT was measured by
an automatic quantitative method (PCT Sensitive Kryptor,
BRAHMS France SAS). This assay has an improved func-
tional assay sensitivity of 0.06 ng/ml and results ranges
from 0.06 to 50 ng/ml. Values of PCT levels > 0.5 ng/ml
were considered as abnormal. The results of the PCT val-
ues were obtained 24 hours after the admission, so this
did not interfere with the medical decision.
Blood cultures were collected only in children with fever.
Bone aspiration was performed in children suspected for
osteomyelitis with a periosteal abscess on ultrasound.
Joint fluid aspirations were collected in children with
articular effusion, suspected on clinical and ultrasound
findings, when temperature was higher than 38°C. All
bacterial cultures were performed before antibiotic treat-
ment.
A plain radiography of the affected area was performed in
all patients. In all cases of children with suspected osteo-
myelitis, skeletal scintigraphy with 99m Tc-methylene
diphosphonate was obtained. Ultrasound was performed
in all children with suspected articular effusion.
Patients were assigned to three groups according to the
degree of suspected infection:
Group 1
Confirmed infection: this group consisted of patients
which had one positive bacteriological culture (blood,
bone aspiration or joint fluid aspiration).
Group 2
Presumed infection: this group consisted of children with
positive laboratory findings (neutrophilia > 10000/mm3
and/or CRP > 20 mg/l) and either purulent bone or joint
fluid aspirations or positive scintigraphy but negative cul-
tures. Purulent aspirate was defined as cloudy macro-
scopic liquid and presence of deteriorated polymorphic
neutrophils.
Group 3
Non infected patients: these children had to fulfil three
conditions: negative laboratory findings (all blood tests
including CRP values and cultures), no X-ray or ultra-
sound abnormalities. Children with hip effusion, withoutItalian Journal of Pediatrics 2009, 35:33 http://www.ijponline.net/content/35/1/33
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fever and without biologic inflammatory syndrome, were
classified as "transient monoarticular synovitis" and were
included in group 3. All children in group 3 recovered
within one week without any antibiotic treatment. Recov-
ery was assessed one week later during an orthopedic spe-
cialist visit (blinded for PCT results).
Results
Three hundred sixty children were admitted between
November 2004 and November 2005 in the pediatric
emergency department for suspected osteomyelitis or sep-
tic arthritis. Twenty-one of them were excluded (lost
blood samples for PCT or insufficient blood volume) [Fig-
ure 1]. Three hundred thirty nine patients, aged 1 month
old to 14 years old (median 3 years, mean age 4 years),
were included in the analysis (6 patients had 2 blood sam-
ples). One hundred and eighteen were girls and 221 boys.
Group 1 comprised 8 patients with documented bacterial
infection. Mean PCT level was 4.99 (± 2.3) ng/ml. Two of
them (25%) had PCT levels > 0.5 ng/ml [Figure 2]. One
had a multifocal osteomyelitis (PCT = 37.26 ng/ml) after
varicella and one had septic arthritis of the knee (PCT =
1.01 ng/ml). The other patients had septic arthritis in 5
cases and one had osteomyelitis. There were one positive
blood culture (Streptococcus), two positive bone aspira-
tions (one Staphylococcus and one Salmonella), and five
positive joint fluid aspirations (4 Kingella Kingae and 1
Streptococcus).
Group 2 comprised 40 children which were presumed
infected. Mean PCT level was 0.48 (± 0.12) ng/ml. Four
(10%) had PCT levels > 0.5 ng/ml (values ranges from
0.62 to 6.94 ng/ml, median 0.75 ng/ml) [Figure 2]. They
all had presumed osteomyelitis with positive scintigraphy
but negative bone aspiration culture. Fourteen children
with presumed osteomyelitis and 22 with presumed sep-
tic arthritis had PCT levels < 0.5 ng/ml.
Group 3 comprised 291 children. Mean PCT level was
0.42 (± 0.18) ng/ml. Nine children had PCT levels > 0.5
ng/ml (values ranges from 0.59 to 18.64 ng/ml, median
0.86 ng/ml) [Figure 2]. Among them, 3 had transient
acute synovitis, 3 had lower respiratory tract infection, 1
gingivitis, 1 tonsillitis and 1 was discharged with no diag-
nosis but recovered without antibiotic treatment.
Seventy three children had fever (6 in group 1, 23 in group
2 and 44 in group 3) and 12 of them had PCT values > 0.5
ng/ml (2 in group 1, 4 in group 2 and 6 in group 3).
In this study, the specificity (Sp) of the PCT as a marker of
bacterial infection (comparing Group 1 and Group 3) was
96.9% [95% CI, 94.2-98.6], the sensitivity (Se) 25% [95%
CI, 3.2-65.1], the positive predictive value (PPV) 18.2%
[95% CI, 2.3-51.8] and the negative predictive value
(NPV) 97.9% [95% CI, 95.5-99.2] [Table 1]. When com-
paring Groups 1 and 2 versus Group 3 the Sp was 96.9%
[95% CI, 94.2-98.6], the Se 12.5% [95% CI, 4.7-25.2], the
PPV 40% [95% CI, 16.3-67.7] and the NPV 87% [95% CI,
82.9-90.5]. When considering only children with fever,
the Sp was 86.3% [95% CI, 82.3-90.2], the Se 20.7% [95%
CI, 3.8-43.2], the PPV 50% [95% CI, 18.9-65.4] and the
NPV 62.3% [95% CI, 31.2-82.3]. After stratification by
suspected/confirmed osteomyelitis versus non-infected
children, the Se was 20% [95% CI, 3.7-41.6], the Sp
trial profile Figure 1
trial profile.
On 360 patients suspected for skeletal infection: 
- 21 were excluded:  
o 6 lost blood samples for PCT  
o 15 insufficient blood volume 
- 339 patients were included 
o 291 patients were non infected 
o 48 patients were treated 
 The infection was confirmed on 8 patients: 
9 6 septic arthritis (4 kingella kingae and 2 streptococcus 
pyogenes)
9 2 osteoarthritis (1 Staphylococcus and 1 Salmonella) 
 The infection was presumed for 40 patients: 
9 22 septic arthritis (purulent joint fluid aspiration but negative 
culture) 
9 18 osteomyelitis (purulent bone aspiration and positive 
scintigraphy but negative culture positive laboratory 
findings) 
distribution of PCT values ≥ 0.5 (in ng/ml) in the three  groups Figure 2
distribution of PCT values ≥ 0.5 (in ng/ml) in the 
three groups.Italian Journal of Pediatrics 2009, 35:33 http://www.ijponline.net/content/35/1/33
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96.9% [95% CI, 94.2-98.6], the PPV 30.7% [95% CI,
13.7-48.9] and the NPV 94.6% [95% CI, 91.2-97.5]. For
the suspected/confirmed septic arthritis versus non-
infected children, the Se was 7.1% [95% CI, 4.8-19.5], the
Sp 96.9% [95% CI, 94.2-98.6], the PPV 18.1% [95% CI,
4.1-38.6] and the NPV 91.5% [95% CI, 87.4-94.3]. The
receiver operating characteristic (ROC) curves comparing
Group 1 versus Group 3 and Group 1 and 2 versus Group
3 are plotted in Figure 3 and 4. The area under the curves
(AUC) is 0.59 [95% CI, 0.45-0.79] for proven infection
versus no infection and the AUC for proven or suspected
infection versus no infection is 0.54 [95% CI, 0.50-0.61].
Discussion
Early identification of skeletal infection is still a challenge
for the clinicians, especially in the Emergency Depart-
ment. Many trials found that PCT has a good specificity
and a good positive predictive value for systemic bacterial
infection, especially meningitis, pyelonephritis, pulmo-
nary and neonates infections. In previously published
reports, the cut off level beyond which a bacterial infec-
tion is considered as definite, ranges between 0.5 and 1
ng/ml [19,20]. In our series, with a PCT cut off level of 0.5
ng/ml, the Group 1 and 3 did not differ with a sensitivity
of 25% (and only 12.5% if we consider all the infected
children- Group 1 and 2 versus Group 3) and a specificity
of 96.9%. Nine patients had false positive results (PCT
Table 1: Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of PCT with the [95% CI]
Groups Sensitivity Specificity PPV NPV
1 vs 3 25 [3.2-65.1] 96.9 [94.2-98.6] 18.2 [2.3-51.8] 97.9 [95.5-99.2]
1+2 vs 3 12.5 [4.7-25.2] 96.9 [94.2-98.6] 40 [16.3-67.7] 87 [82.9-90.5]
1+2 vs 3 (fever) 20.7 [3.8-43.2] 86.3 [82.3-90.2] 50 [18.9-65.4] 62.3 [31.2-82.3]
1+2 vs 3 (osteomyelitis) 20 [3.7-41.6] 96.9 [94.2-98.6] 30.7 [13.7-48.9] 94.6 [91.2-97.5]
1+2 vs 3 (septic arthritis) 7.1 [4.8-19.5] 96.9 [94.2-98.6] 18.1 [4.138.6] 91.5 [87.4-94.3]
ROC curve for PCT, proven infection versus no infection Figure 3
ROC curve for PCT, proven infection versus no infec-
tion.
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ROC curve for PCT, proven/suspected infection versus no  infection Figure 4
ROC curve for PCT, proven/suspected infection ver-
sus no infection.
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level > 0.5 ng/ml in Group 3) and only two had positive
results when infection was confirmed. Moreover, consid-
ering the ROC curves, there is no PCT cut-off level which
allows to identify bone and joint infection. Our experi-
ence in the determination of the PCT levels in the initial
workup of all patients admitted in the hospital with sus-
pected bone or joint infection shows a low sensitivity
(PCT level was negative in 75% of proven infection). This
does not place it above clinical judgment for the correct
discrimination of patients with skeletal infection. Butbul-
Aviel [18] evaluated PCT values in 44 children admitted to
the hospital for fever, limping and suspicion of osteomy-
elitis or septic arthritis. They found a higher sensitivity
(58.3%) only for osteomyelitis, but the same than us for
septic arthritis (27.2%). In our series, if we consider only
osteomyelitis, the sensitivity is 16.6%. Their results are
not confirmed by our study which may be because of our
greater number of inclusions. Also we included all the
patients cared for non traumatic decreased active motion
of a skeletal segment, with or without fever.
Another difference with Butbul-Aviel's study is the test we
used. We used a quantitative method (PCT sensitive Kryp-
tor) characterised by a high sensitivity (0.06 ng/ml) allow-
ing a good discrimination of values around the threshold
of 0.5 ng/ml. By comparison, PCT determined by PCT- Q-
test, an immunochromatographic semi-quantitative
assay, is not sensitive enough to discriminate values
around 0.5 ng/ml as positive or negative values.
There are several limitations to our study. The low inci-
dence of positive bacteriological findings for the children
considered as infected may be a bias. Nevertheless, bacte-
riologic diagnosis of orthopedic infections is known to be
difficult and bacteriological samples are positive in a few
numbers of cases [3,4]. On the other hand, this study was
conducted in an urban teaching institution (tertiary pedi-
atric care hospital), which has different referral patterns
and serves a different population of patients than other
institutions. We diagnosed 48 children as infected during
this one year study, while Butbul-Aviel included 23
infected children during a two years study. Also, because
there is no true gold standard for the diagnosis of skeletal
infection except for positive bacteriological cultures, we
applied an accepted standard supported by the literature:
a combination of clinical condition, bacteriological find-
ings, laboratory markers, completed by an imaging study
when needed.
Staphylococcus aureus was described in large cohorts as
the most common identifiable causative organism
accounting for more than 50% of isolated organism in
acute hematogenous osteomyelitis and 30% in septic
arthritis [4,21]. The Staphylococcus aureus is under-repre-
sented in our case series (50% of the osteomyelitis and
none of the septic arthritis) probably because of the little
number (eight) of positive bacteriological findings.
Laboratory measurements should only be performed if
they help making decisions about patients and/or are use-
ful to follow the patient's evolution. Despite abundant lit-
erature on procalcitonin and its diagnostic accuracy in
severe bacterial infections (bacterial meningitis, septic
shock, bacteremia and pyelonephritis), in our series we
found a low sensitivity (PCT level was positive in 25% of
proven infection). Considering the low value of sensitiv-
ity, PCT cannot be used as a screening test for identifying
skeletal infections in children. Larger studies are needed to
evaluate still more the place of PCT measurements in the
diagnosis of osteomyelitis and septic arthritis.
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